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Fig. 5. Perturbation of a 30–￿m coupler by CO radiation. Left: Symmetric
perturbation configuration: Right: Asymmetricperturbation configuration. Top:
Evenmodeprofile.Middle:Oddmodeprofile.Bottom:temperaturedistribution
f(x;y) across the fiber.
Fig. 6. Coupling coefficient variation with the absorption length of the
incident radiation for a coupler waist radius of 16 ￿m.Dashed lines: Symmetric
perturbation. Solid lines: Asymmetric perturbation.
and, therefore, the overlap integrals are pro-
portional to the coupling coefficients .
We first consider the effect of the radiation penetration depth
on the coupling coefficient magnitude, for symmetric and
asymmetric perturbation. The coupler waist radius is consid-
ered to be 16 m, which is typical of the devices we routinely
fabricate with a flame brush technique. Fig. 6 shows the relative
variation (in arbitrary units) of the coupling constant and
the corresponding difference , under symmetric
(dashed lines) and asymmetric perturbations (solid lines), for
different radiation absorption lengths. It should be reminded
that under pure symmetric perturbation (Section II-B2.1),
the perturbed output power is proportional to the difference
[see (16)], while under pure asymmetric pertur-
bation Section II-B2.2, the perturbed power is proportional to
[see (18)]. Fig. 6 shows that both asymmetric-perturbation
and symmetric-perturbation are maximized for
a range of absorption lengths between 10 m and 17 m, i.e.,
the proposed perturbation method is optimized for radiation
Fig. 7. Coupling coefficient variation with coupler-waist radius. The
perturbing radiation absorption length was 5 ￿m (typical of CO laser). Dashed
lines: symmetric perturbation. Solid lines: asymmetric perturbation.
absorption lengths comparable to the coupler waist radius.
Fig. 6 also shows that asymmetric perturbations result in finite
, which nevertheless, is appreciably smaller than the
accompanying . Under symmetric perturbation, as expected,
is negligible for every absorption length. Finally, as the
absorption length is increased appreciably the perturbation
becomes increasingly uniform across the entire coupler waist
cross-section and all the parameters tend to zero, under either
perturbation. This suggests that the proposed nondestructive
perturbation method would not work in case the perturbing
radiation was provided by a He–Ne laser at 633 nm (absorption
length in silica m) or any other visible or near-infrared laser
(with absorption lengths well above the waist diameter). Use
of radiation with large absorption length would have required
application of an extra highly absorbing layer (as in [7]), which
is not applicable in our case.
Next, in Fig. 7, we consider the variation of the coupling co-
efficients and the differences for different cou-
pler-waist radii, under CO laser symmetric (dashed lines) and
asymmetric (solid lines) side-perturbation. For the calculations,
we have considered a typical absorption length of 5 m. As be-
fore, the asymmetric-perturbation and symmetric-perturba-
tion are maximized for a coupler waist of about 5
m, i.e., comparable to the radiation absorption length. Fig. 7
alsoshowsthatforsmallcoupler-waistradii,asymmetricpertur-
bationsresultin appreciablysmallerthantheaccom-
panying . However, for larger coupler-waist radii, the differ-
ence becomes comparable with and finally equal to
and the simple analytic formula (18) is not valid any more.
In this case, the power perturbation at the coupler output should
be calculated using (14a) and (14b). Again, under symmetric
perturbation, is zero for every coupler-waist radius.
Fig. 7 shows that, under symmetric perturbation, the differ-
ence changes quasilinearly with the coupler-waist
radius. From (16), it is then obvious that output power pertur-
bation will follow closely the coupler-waist outer diameter as
the CO laser is scanned along the coupling region. The output
power variation can then provide a reliable mapping of the en-
tire coupling region giving a quite accurate estimation of the
coupler uniformity.
Under asymmetric perturbation, the coupling coefficient
changes appreciably with the coupler-waist radius. From (18),
it is then deduced that as the perturbation is scanned along the
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